The aim of this study was to investigate the effect on antioxidant enzymes and malondialdehyde (MDA) in rat serum and various tissues of chronic diazepam application. Rats were exposed to diazepam intraperitonally twice a day for six weeks. The change in enzyme activity levels was determined. Diazepam was given in 1mg/kg doses. In liver tissue, catalase (CAT) activity showed a significant decrease when diazepam group was compared to the control group (p <0.05). Superoxide dismutase (SOD) activity showed a significant increase in kidney tissue of diazepam group. GPx activity decreased in all tissues when diazepam group was compared to the control group. Although, changes in the level of MDA was not statistically significant in groups. These data indicate that chronic diazepam administration may cause to moderate oxidative stress conditions.
Introduction
Benzodiazepines are widely prescribed as anxiolytics, sedative hypnotics, anticonvulsants or muscle relaxants [1] [2] [3] [4] [5] . Clinical popularity of benzodiazepines has been ascribed to the wide safety margin of their therapeutic index, minimal serious adverse side effects and low potential for physical dependence 6 . Apart from their therapeutic applications, benzodiazepines are often abused by drug addicts. As a consequence, these drugs are frequently involved in both clinical and forensic cases 2 .
Benzodiazepines were first developed as sedatives in the 1960s and quickly gained prominence with drugs such as chlordiazepoxide (Librium) and diazepam (Valium) 7 . These drugs were more effective as sedatives than the previously used class of compounds, the barbiturates and had fewer side effects. Yet despite the more favorable side-effect profile, benzodiazepines do have the potential for tolerance and dependence, with side effects that include memory impairment and lingering drowsiness.
Several major metabolites of benzodiazepines possess pharmacological profiles similar to the parent drugs (e.g. N-desmethylclobazam (DMCLB) from clobazam (CLB), N-desmethyldiazepam from diazepam). On the other hand, they are now among the most commonly prescribed drugs, which increase their potential for addiction and abuse and they are often found in combination with other drugs in drug-related fatalities 8 . For these reasons, the simultaneous analysis of benzodiazepines and their metabolites in biological fluids is of great interest to clinicians and forensic toxicologists.
Diazepam (7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one) is a benzodiazepine compound, which enhances the activity of gamma-aminobutyric acid, the most common inhibitory neurotransmitter in the central nervous system. It is used in the treatment of severe anxiety disorders, as a hypnotic in the short-term management of insomnia, as a sedative and premedicant, as an anticonvulsant and in the management of alcohol withdrawal syndrome 9 . In the therapy of major depressive syndromes, diazepam is often prescribed as an adjuvant to control anxious symptoms and to treat anxiety associated with the beginning of treatment with second-generation antidepressants 10 . Diazepam is a core medicine in the World Health Organization's (WHO) "Essential Drugs List", which is a list of minimum medical needs for a basic health care system 11 . Like all 1,4-benzodiazepine drugs, diazepam acts by all osterically interacting with neuronal GABA A receptors, thus facilitating the interaction between the receptor and the neurotransmitter, which in turn leads to a decrease in neuronal activity. For this reason, benzodiazepines are generally considered much safer than the older sedative barbiturates (which are direct GABA agonists), especially in case of overdose. However, side effect such as somnolence, amnesia, dizziness and impaired concentration are commonly reported. Furthermore, diazepam and other benzodiazepines induce tolerance during chronic administration and an abstinence syndrome upon discontinuation. Consequently, pure Diazepam is considered a controlled substance in several Western countries (it is a schedule IV drug according to the convention on psychotropic substances) 12 .
The role of reactive oxygen species (ROS) have been implicated in tissue injury. These continuously produced ROS are scavenged by SOD, glutathione peroxidase (GSH-Px) and catalase (CAT). Malondialdehyde (MDA) is the breakdown product of the major chain reactions leading to oxidation of polyunsaturated fatty acids and thus serves as a reliable marker of oxidative stress-mediated lipid peroxidation 13 . In this study was to investigate the effect on antioxidant enzymes and malondialdehyde (MDA) in rat serum and various tissues of chronic diazepam application.
Experimental
Animals were purchased from the Inonu University Laboratory Animal Resource Center. In this study, 26 female Wistar-Albino rats (3 months old) weighing 200±20 g were used. Rats were randomly divided into two groups of ten rats each as following: diazem drug group (DiD) and control group (C). All animals were housed in standard animal laboratory conditions (12:12 h light-dark cycle, temperature 22±2 •C and humidity 50±5%). Rats were exposed to diazepam and determination of the change in enzyme activity levels was aimed in this six-week study. Diazepam, respectively in 1 mg/kg doses, was given intraperitonally twice a day for six weeks.
All experiments in this study were performed in accordance with the guidelines for animal research from the National Institute of Health and approved by the Committee on Animal Research at Inonu University, Malatya.
Homogenization
Tissues were homogenized (PCV Kinematical Status Homogenizator) in ice cold phosphate buffered saline (pH 7.4). The homogenate was sonified with an ultrasonifier (Bronson Sonifier 450) by 3 cycles (20-s sonications and 40-s pause on ice). The homogenate was centrifuged (15,000xg, 10 min, 4 o C) and cell-free supernatant was subjected to enzyme assay immediately. For lipid peroxidation analysis the tissue was washed three times with ice cold 0.9% NaCl solution and homogenized in 1.15 KCl. The homogenates were subjected to lipid peroxidation assay immediately. Serum samples were subjected to enzymes analysis and lipid peroxidation assay immediately.
Determination of enzymes activities
The enzymes catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) were determined spectrophotometrically. CAT activity was measured at 37 0 C by following the rate of disappearance of H 2 O 2 at 240 nm ( 240 = 40 M -1 cm -1 ) 14 . One unit of catalase activity is defined as the amount of enzyme catalyzing the degradation of 1 mol of H 2 O 2 /min at 37 0 C. CAT activity was expressed as U/mg protein in the tissue. Glutathione peroxidase GSH-Px activity was determined in a coupled assay with glutathione reductase and by measuring the rate of NADPH oxidation at 340 nm using hydrogen peroxide as the substrate 16 . Specific activity is given as mol NADPH disappeared min -1 mg -1 protein.
MDA assay
As a marker of lipid peroxidation production, the MDA concentration was measured as described 17 with a minor modification. The reaction mixture was prepared by adding 250 µL homogenate or serum into 2 mL reaction solution (15% trichloroacetic acid: 0.375% thiobarbituric acid: 0.25 N HCl, 1:1:1, w/v) and heated at 100 ºC for 30 min. The mixture was cooled to room temperature, centrifuged (10,000 g for 10 min) and the absorbance of the supernatant was recorded at 532 nm. MDA results were expressed as nmol/mg protein in the homogenate.
Determination of protein
Protein levels of the serum and tissue samples were measured by the Bradford method 18 . The absorbance measurement was taken at 595 nm using a UV-Vis spectrophotometer. Bovine serum albumin (BSA) was used as protein standard.
Statistical analysis
Biochemical data were given as the mean±standard deviation. The one-way analysis of variance (ANOVA) and Turkey's multiple comparison tests were used to analyze the significance of the differences between the control and experimental groups. The differences between the groups were evaluated by Duncan post test. A p value of less than 0.05 was considered to be significant. All analyses were performed using the Statistical Package for the Social Sciences (SPSS) software in a PC-compatible computer.
Results and Discussion
Benzodiazepines, such as diazepam (trade name is Valium, chemically it is phenyl benzodiazepine containing 7-chlor-1,3-dihydro-1-methyl-5-phenyl-2H-1,4 benzodiazepine) are commonly used for their anxiolytic and sedative effects, that is, by their action on high-affinity receptor sites coupled to the γ-amino butyric acid A receptor complex, present in the central nervous system 19 . Nevertheless, in addition to the central receptors described for benzodiazepine, peripheral-type binding sites have been identified for them in liver cells 20 , endocrine steroidogenic tissues 21 and immune cells, such as macrophages and lymphocytes 22 and also in tumor cells 23 . Peripheral type benzodiazepine receptor expression has been shown to increase in some neoplastic tissues and tumor cells, particularly in the liver 24 , ovary 25 , colon 26 , breast 27 and in the brain 28 . Many studies have been conducted to ascertain any role and/or involvement of free radical mediated pro-oxidative processes in following diazepam administration 29 .
Oxidative stress is known to be a component of molecular and cellular damage mechanism in a wide spectrum of human diseases [30] [31] [32] [33] . The OS generally describes a condition in which cellular antioxidant defenses are inadequate to completely detoxify the free radicals being generated, due to excessive production on ROS, loss of antioxidant defenses or, both 34 . This condition may occur locally, as antioxidant defenses may become overwhelmed at certain sub cellular locations while remaining intact overall and selectively with regard to radical species, as antioxidant defenses are radical-specific, for example, superoxide dismutase (SOD) for superoxide and catalase or glutathione peroxidase for H 2 O 2
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. In humans, studies using flumazenil have found evidence for dissociation between the sedative and amnestic effects of several different benzodiazepines 36, 37 . These findings suggest that there may be additional mechanism to be involved in benzodiazepines induced anterograde amnesia. It was shown that diazepam caused an enhanced malondialdehyde (MDA) formation along with decreased superoxide dismutase (SOD) activity and glutathione reductase GSH-Px activity in the cerebrum of rat following excessive formation of reactive oxygen species 38 . The brain is particularly vulnerable to oxidative stress because it consumes Chem Sci Trans., 2014, 3(1), 389-395 393 large amounts of oxygen, has abundant lipid content, yet maintains relative paucity of antioxidant levels compared with other organs 39 . Suggesting that diazepam has an important role in development of oxidative stress in brains and livers of diazepam-treated rats 40 . The changes in both biochemical analysis as well as the in histological pictures in liver kidney and heart were severing in animals left for 30 days after diazepam ingestion. In the light of these results, it can be suggested that diazepam is a hazards drug and an oxidative stress inducer 40 . However, there is no evidence in the literature indicating the role of DZP on oxidative stress in rats.
The xenobiotic, taken from the outside into our liver, recognized as the center of the body metabolism is the main tissue where the drugs undergo changes. Within the framework of the relevant study, a significant decrease in all groups at MDA level was detected in comparison with the control group (p<0.05), while a significant increase the control group at CAT activity was observed in comparison with the all other groups (p<0.05). A statistically significant decrease was also observed in the group administered diazem in comparison with the conveyor group of diazem, which can explained through the fact that free radical damage may occur in the groups, aside from the control group. Although a certain level of increase was detected in the groups at SOD activity, aside from the control group, it is not statistically significant. In terms of GSH-P x activity, the increase in the other group was regarded as statistically significant aside from the decrease in the groups administered diazem. Table 1 show that diazepam application results of enzyme activity in rat serum, brain, kidney and liver (n=6). Within the brain tissue, no significant change was observed in the group administered diazem at MDA level in comparison with the control group (p>0.05). However, a significant decrease was observed in the conveyor group (p<0.05). It was established that such dosage of the drug didn't lead to lipid peroxidation. While no change was observed at CAT and SOD values, the relevant changes weren't statistically significant. In terms of the GSH-P x activity, the enzyme activity in the control group showed a significant increase in comparison with the all other groups (p<0.05). This change at GSHPx occurs through the information stating that this enzyme functions in the cases of the formation of hydrogen peroxide at the law concentration of the cell. Within the renal tissue, a significant decrease was observed in the diazem group at MDA levels in comparison with the control group (p<0.05). The results acquired from the MDA levels indicated that no significant increase in lipid peroxidation was observed. According to the enzyme activity results, no changes were observed at CAT and SOD values and moreover the relevant changes weren't statistically significant. In terms of the GSH-P x activity, while the control group highlighted the highest activities, a statistically significant decrease was observed in the other groups. In the light of the sample of serum, a decrease at MDA level was enshrined within the statistically same group. While the control group of the SOD enzyme activity and the groups administered diazem were under the statistically same group, the decreases in the other group was significant in comparison with the control group (p<0.05). The CAT and SOD results indicated a change in the level of the free radical formation at blood parameters in terms of the group administered diazem (Table 2 ). In terms of the GSH-P x activity, a significant decrease in the group administered diazem was observed in comparison with the control group (p<0.05). By means of drug applications, a number of changes were observed within the tissues and serum at enzyme activity level and that of MDA. Although such changes seem unparalleled with each other, they may be explained, as they lead to a certain level of free radical formation. Furthermore, it was concluded that the dosages of drugs should be at different levels and the chronic application process should be longer in order to set out the effects of the drugs clearly. 
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